In 2012, there was a reorganisation of trauma services in England which lead to the establishment of Regional Major Trauma Centres; 1 this concentration of trauma expertise has potentially led to a reduction in mortality, 2 but despite this, there are still injuries that remain relatively uncommon. Non-iatrogenic trauma to the airway remains a rare occurrence in both civilian 3, 4 and military practice, 5, 6 and the surgical management of penetrating neck injury 7 was recently discussed in this journal. In the 1970s, during the war in Vietnam, 6% of soldiers who were killed in action suffered isolated airway injuries. 8 Many years later, an American data set from Operation Iraqi Freedom demonstrated that 10% of 3600 trauma patients registered airway compromise as the primary cause of death. 9 Recent UK Defence Medical Services data from the Joint Theatre Trauma Registry between 2006 and 2008 reported that 448 servicemen had sustained injuries to their head, face or neck and of these, there were only 28 penetrating vascular injuries to the neck and 13 laryngotracheal penetrating injuries, 10 again demonstrating how infrequent serious airway injury actually is.
Airway trauma (non-iatrogenic injury to the airway) could present as an isolated complex injury or part of other serious multiple injuries. If the significance of the injury is not appreciated at the time of presentation during the primary survey, then it could be considered to be the ultimate distracting injury. The Difficult Airway Society of the United Kingdom revised their guidelines for the management of the unanticipated difficult airway in 2015; 11 however, these do not make provision for an 'anticipated' difficult airway that could be experienced in complex trauma, and if followed, could even worsen the traumatic airway.
Human factors are key to the management of the anticipated difficult airway 12 and a clinician confronted with such an airway challenge will be faced with a situation classified into one of three patient groups: no time, some time, or adequate time for airway assessment, investigation, and intervention. 13 In view of the low incidence of airway trauma, it is important that the anaesthetist is aware of the hazards in definitive airway management and has developed mental models within the trauma team to ensure the airway is secured safely. We have considered mental models for laryngotracheal trauma and trauma to the trachea and bronchi (Figures 1 and 2 ). 13 Blunt trauma at the level of the larynx or below can be particularly difficult to diagnose and life threatening if managed poorly. Patients can present with non-specific signs and symptoms that fail to correlate well with the anatomical site of injury. For these patients, the clinical situation is precarious and can deteriorate rapidly. The hallmark of airway management for such patients is the maintenance of spontaneous ventilation, intubation under direct vision to avoid the creation of a false passage, and avoidance of both intermittent positive pressure ventilation and cricoid pressure (the latter for laryngotracheal trauma only) during a rapid sequence induction of anaesthesia. 13 For the uncooperative time-critical patient who fails to allow adequate pre-oxygenation, a delayed sequence induction of anaesthesia is recommended. 14 Securing the airway for such patients is a two-person technique that requires excellent communication between operators. We recommend using small boluses of Ketamine to achieve sedation, preserve airway reflexes, and maintain spontaneous breathing. Once sedation is achieved, we recommend the application of a tight fitting nonrebreathing mask with a reservoir bag and increasing the oxygen flow rate to 15 L/min. To support apnoeic oxygenation, nasal specs at a rate of 10 L/min should also be applied prior to induction and throughout the intubation. 15 Following induction of anaesthesia with paralysis, the primary anaesthetist should use a standard (or video) laryngoscope to place the endotracheal tube via direct vision at the introitus of the cords. The assistant should first fix the endotracheal tube's position to prevent dislodgement and then place a ported catheter mount onto the endotracheal tube and ensure the oxygen flow is set to 10 L/min to continuing apnoeic oxygenation. A fibrescope can then be introduced via the catheter mount port, moving past the vocal cords and into the trachea permitting examination for laryngotracheal and tracheobronchial injuries.
The fibrescope is positioned distal to any tear before the endotracheal is delivered. We recommend directing the bevel of the endotracheal tube away from any identified injuries and securing the cuff distal to the injury. Positive pressure ventilation should only begin once the cuff is inflated distal to the injury.
For patients with difficult laryngoscopy, we do not recommend performing a blind intubation and advocate progressing to front of neck with a scalpelbougie-tube technique, 11 adjusting the site of access accordingly, from a cricothyroidotomy to tracheostomy if suspecting laryngotracheal trauma. Rescue ventilation via application of a face mask or insertion of a supraglottic airway is not an option for these patients. Once a stoma is created, we recommend progressing in a similar fashion as above, maintaining face mask and nasal specs apnoeic oxygenation. Only advance the endotracheal tube far enough to inflate the cuff in the trachea. Inflating the cuff at this point can tamponade any bleeding and minimise further soiling to the tracheobronchial tree. Attach the ported catheter mount with an oxygen flow rate of 10 L/min, introduce the fibreoptic bronchoscope and examine for injuries, only begin positive pressure ventilation once the cuff is inflated distal to any identified injury. For distal tracheal or bronchial injuries, an endobronchial intubation may be warranted.
Ensuring the cuff and not the tip of the endotracheal tube is distal to the injury requires some forward planning. Due to a wide diversity of anaesthetic equipment used, within the NHS providing an absolute solution is beyond the scope of this editorial. We would, however, like to raise awareness regarding the distance between the proximal edge of the cuff and the distal tip of the endobronchial tube, the latter being easily identified with use of a fibreoptic bronchoscope. We recommend measuring the distance from the tip of the endotracheal tube to the proximal edge of the cuff (Figure 3 ). Once this distance is known, it is easier to approximate how to position the cuff pass a lesion.
Our fibreoptic bronchoscopes have Lee's markings every 5 cm (Figure 4 ). When an injury is noted, the anaesthetist should advance the tip of the scope until aligned with the lesion. At this point, the assistant should be prepared to measure, mark, or estimate with use of Lee's markings a known distance (dictated by the proximal edge of the cuff to the tip of the tube) the anaesthetist needs to further advance the bronchoscope. Following advancement, the endobronchial tube should be advanced to meet the tip of the bronchoscope and the cuff inflated. Carefully remove the bronchoscope, secure the endobronchial tube, and give a small volume-low pressure test ventilation. Once end-tidal CO 2 (ETCO 2 ) is confirmed, continue as required. Laryngotracheal and tracheobronchial injuries are rare yet life threatening. The methods we describe above are complex, not commonly used in everyday practice, and dependent on operator experience and skill. This procedure may also be undertaken in an out of theatre environment, such as the emergency department, and the trauma team may also be unfamiliar. Unless practiced during high-fidelity simulations, the complexity of this technique will not be fully appreciated.
In summary, due to limited experience in the management of non-iatrogenic airway injury, we would advise that clinicians consolidate their knowledge through mechanisms such as high-fidelity simulation training and by attending workshops specifically for the management of airway trauma. We hope that this will allow the development of mental models to aid the management of the rare but potentially catastrophic injury pattern.
